ABSTRACT
INTRODUCTION
The presence of foreign substances in mixing water is an important issue in concrete and mortar production. Reactions due to organic and inorganic foreign substances present in concrete mixing water can cause damage [1, 2, 3, 4] . Specifically, the effects of magnesium sulfate (MgSO4) and sodium sulfide (Na2S) have been examined by previous researches. Magnesium sulfate is used to harden mortars. Several studies indicate that magnesium sulfate primarily reacts with calcium hydroxide (Ca(OH)2) due to cement hydration in fresh mortars [5, 6] . This can be detailed by the following expressions (Eq. 1, Eq. 2):
Hasan Şahan Arel Assistant Professor, Faculty of Architecture, Izmir University, Izmir, Turkey sahanarel@gmail.com 1 MgSO4 + 7H2O + Ca(OH)2 (Eq. 1) CaSO4:2H2O + Mg(OH)2 + 5H2O (Eq. 2) This reaction results in the production of magnesium hydroxide (Mg(OH)2), which is also known as brucite, and it appears as a layer on the sample surface [7, 8, 9] . Gypsum (CaSO4.2H2O) also forms a layer on the sample surface in the reaction. Therefore, diffusions of magnesium and sulfate ions occur quite easily in the mortar. Additionally, brucite at high levels decreases the pH value of the solution due to the consumption of calcium hydroxide.
The above process continues even after the hardening of mortars produced with magnesium sulfate. Similar to the fresh mortars, the hardened mortars are also primarily characterized by the reaction between magnesium sulfate and calcium hydroxide [10, 11, 12] . The reaction is also characterized by the formation of gypsum in a similar manner, and it results in the swelling of the mortars [13, 14] . However, the formation of secondary ettringite does not occur [7, 8, 15] . This is attributed to the formation of magnesium hydroxide and the resultant low levels of the resolution value and pH value of the magnesium hydroxide, which impairs the stability of the ettringite and calcium-silicate-hydrate (C-S-H) [16] .
Extant literature does not provide explicit descriptive information on sodium sulfide. However, Abdelmseeh et al. observed that the sulfide from the sodium sulfide solution reacted with iron in cement and the resultant decomposed calcium hydroxide and sodium sulfide surplus formed a colloidal substance [17] . This in turn negatively affected the durability characteristics. A study on the effects of sulfides on Portland cement by Buddhawanna indicated a slight reduction in the normal consistency of the cement paste, especially at high concentrations of sodium sulfide [18] . Furthermore, the study revealed that the sulfide reduced both the compressive strength and chemical durability of the mortar and accelerated initial and final setting times. Generally, it was observed that low sulfide concentrations delayed setting times, while high concentrations accelerated setting times [19] . Research by Kumar and Rao contrasted the effects of magnesium sulfate and sodium sulfate (Na2SO4) solutions [20] . Their findings suggested that compressive strength decreased with an increase in sulfate concentration, and that magnesium sulfate exerted the maximum negative effect on compressive strength. Moreover, the delay in the initial setting time was observed to be greater than the delay in final setting time. Hence, foreign substances can adversely affect both strength and durability of concrete and mortar when limit values are exceeded. Table 1 shows the maximum concentrations of foreign substances in mixing water according to ASTM C94 criteria [21] . Additionally, Table 2 provides approximate limit values of several foreign substances published in the Indian Concrete Journal [22] . Based on these values derived by previous literature and as specified by Kucche et al., the limit values of the salts used in this study were determined according to Table 2 [14] . 
EXPERIMENTAL INVESTIGATION
In this study, two types of 410 kg/m 3 dosed mortars with water/cement (w/c) ratios of 0.63 and 0.72 were produced. The following sulfate salt solutions were prepared in different concentrations and used as mixing water: solutions bearing magnesium sulfate (15 000 ppm (1.5%), 30 000 ppm (3%), 50 000 ppm (5%), and 80 000 ppm (8%)) and solutions containing sodium sulfide (50 ppm (0.005%), 100 ppm (0.01%), 300 ppm (0.03%), and 400 ppm (0.04%)) were prepared for a water quantity of 1 liter.
Reference mortars were also produced by using drinking water. Thus, a total of 26 (2 x 13) different mortar mixes were produced. Eight 40/40/160-mm prismatic samples were produced for each mixture for use in tests including shrinkage tests. A vibratory table experiment was used to determine the workable life of the produced mortars. Experiments were carried out using a Vicat apparatus to determine the effects of the various chemical substances on setting durations. For each mixture, six samples were immersed in 20 ± 2°C water until the day of the experiment. Bending and compression tests were then performed at 7 d, 28 d, and 90 d (with two samples per age). The shrinkage tests involved measuring the size changes in two samples held in a 21 °C environment at 55%-65% humidity for duration of 90 days. Sand. Well-graded sand with a maximum grain size of 8 mm was used as an aggregate in all the mortar samples. Table 3 shows the sieve analysis results for the sand according to the Turkish standard TS 2717 [23] .
MATERIALS
Cement. Portland cement (PC 42.5R) conforming to the TS EN 197-1 [24] standard was used in all the samples. The physical and mechanical characteristics of the cement were identified prior to use according to the TS 24 [25] standard, and its suitability was determined from TS 19 [26] standard. Table 4 details the physical and mechanical characteristics according to the TS 24 [25] standard. The average test results obtained by averaging data from three samples indicated that the cement met the conditions stated in the TS 19 [26] standard. The chemical analysis of 42.5R is shown in Table 5 .
Water. The characteristics of the water used for producing the concrete samples are shown in Table 6 .
Salts. Magnesium sulfate heptahydrate (MgSO4.7H2O) and sodium sulfide nonahydrate (Na2S.9H2O) were used in the experiments. The percentages obtained in this experiment were set as the percentage values for magnesium sulfate and sodium sulfide. 
SPECIMENS
Design of the mortar mixes. The mortar mixtures listed in Table 7 were produced with w/c ratios of 0.63 and 0.72. Table 8 shows the actual material amounts (per 1 m 3 ) for the mortars produced with different compounds.
Mortar production. All the mortars were placed in moulds and preserved in a laboratory. The mixes were protected in the laboratory with glass plates to avoid air contact. The room was set at a constant temperature of 20 ± 1°C and a humidity of 60 ± 5%. At the end of the first day, the mortars were removed from their moulds. Until the day of the experiment, six of the samples were stored in water at a temperature of 20 ± 1 °C. Until the day of the shrinkage test, two of the samples were exposed to an environment of 60 ± 5% humidity. All the samples were prismatic with dimensions of 40/40/ 160 mm. 
RESULTS AND DISCUSSION
Setting times. Two different mixtures were prepared for the setting time experiments. In the first mixture, the water content in the normal-consistency cement paste that was prepared with reference water was stabilized. The setting times of the pastes with different consistencies prepared with solutions were measured. For the second mixture, the setting times of the normal-consistency pastes containing water were measured. Pastes produced with magnesium sulfate. The normal consistency of the first mixture was 28%. The cement pastes produced with magnesium sulfate solutions were examined, and the findings revealed that the setting times of the specimens produced with solutions of 1.5% magnesium sulfate (M1) and 5% magnesium sulfate were accelerated (M3) as shown in Fig. 1 . In contrast, the setting times of the pastes made with other concentrations were delayed when compared with the reference mix. The different behaviors observed in the results indicated a lack of real normal consistency in the cement pastes. Additionally, an examination of the setting times of the second mixture indicated that the setting process started earlier and finished later in the cement pastes produced with all concentrations of magnesium sulfate solution when compared to that of the reference. The delay in the completion of the setting process increased with increases in the concentration. Therefore, Mg +2 ions, Ca +2 ions, and other anions (aluminates and silicates) in the cement paste were considered to influence the solubility.
Pastes produced with sodium sulfide. The normal consistency of the first mixture was 28%. As shown in Fig. 2 , the cement pastes produced with sodium sulfide solutions began setting earlier when compared to the reference mix for all concentrations. However, the mix with 0.01% sodium sulfide (N2) finished setting later when compared to the reference mix. An examination of the setting times of the second mixture, which consisted of cement pastes with sodium sulfide solution, revealed that the setting of all pastes started early when compared with that of the reference. The only exception was observed in the mix with 0.04% sodium sulfide. The setting was delayed for all concentrations when compared with that of the reference. This delay could be attributed to the reaction of sulfide with aluminum oxide and the generation of ettringite in the cement mixture [18] .
FRESH MORTAR TEST RESULTS
Fresh unit weight. Fig. 3 and Fig. 4 depict the characteristics of the fresh mortar. The actual compositions of various materials in the mortar mixtures and air void percentages were found by measuring the specific bulk density. With respect to the w/c = 0.63 mortars mixed with magnesium sulfate solution, when compared with the reference, the fresh unit weight values increased up to 3% magnesium sulfate concentration (M2) as shown in Fig. 3 .
Beyond this concentration, a reduction of approximately 2% was observed in fresh unit weight values when compared with the reference. With respect to the w/c = 0.63 mortars mixed with the sodium sulfide solution, the fresh unit weight values for all concentrations increased by 2% when compared with the reference as shown in Fig. 4 . In the case of the w/c = 0.72 sodium sulfide mortars, the fresh unit weight values were approximately the same as those of the reference. Hence, the salts did not appear to affect the fresh unit weight values significantly and enhanced or reduced the values by an average of only 1.5-3%. with sodium sulfide solution.
The salt solutions were prepared in the following different concentrations and used as mixing water: solutions bearing magnesium sulfate (15 000 ppm (1.5%), 30 000 ppm (3%), 50 000 ppm (5%), and 80 000 ppm (8%)) and solutions containing sodium sulfide (50 ppm (0.005%), 100 ppm (0.01%), 300 ppm (0.03%) and 400 ppm (0.04%)) were prepared for 1 l of water.
Drinking water was also used to produce the reference mortars. Thus, a total of 26 (2 x 13) different mortar mixes were produced. (Fig. 6) , the flow values for all concentrations decreased relative to that of the reference. In the case of the w/c = 0.72 mortars, the flow value of mortar N3 (sodium sulfide concentration of 0.03%) increased by 3% when compared with that of the reference. However, the flow values of the other concentrations decreased when compared with that of the reference. Thus, both magnesium sulfate and sodium sulfide were observed to decrease the flow value. The lower effect of sodium on the flow values could be related to the low concentrations of sodium sulfide used in the experiment. (Fig. 8) , the 7 d compressive strength values decreased when compared with that of the reference from concentrations of 3% (M2) and above. This was also applicable to the case for the w/c = 0.63 mixes. The increase in compressive strength from concentrations of M2 (3%) and above could be because of the hydration of two significant components (tricalcium silicate (C3S) and dicalcium silicate (C2S)) led to the existence of C-S-H gel, which in turn affected the durability of the cement. The compressive strengths at 28 d and 90 d increased up to 6% concentration (M3) when compared with that of the reference. Age could be the reason for this increase, wherein due to the protracted sulfate effect, the 28 d and 90 d compressive strengths of the specimens decreased from the concentrations equal to or exceeding M3.
No increases were observed for any concentration when the 28 d compressive strength results of the w/c = 0.72 mortars mixed with magnesium sulfate solution (Fig. 8) were examined. However, the compressive strength values at 90 d increased up to M1 concentration (1.5%) when compared with that of the reference. The compressive strength values decreased for concentrations of 2% and higher when compared with that of the reference. However, this decrease was not substantial, as observed in the case for the w/c = 0.63 mortars. Hence, the higher w/c ratio was considered as the most significant factor that led to the differences in the results.
As shown in Fig. 9 and Fig. 10 , the 7 d compressive strengths of both w/c = 0.63 and w/c = 0.72 mortars mixed with sodium sulfide solution, respectively increased when compared with those of the reference for all concentrations. The presence of sulfate ions that had a direct effect on hardened concrete in the mix water led to the possibility of these ions distorting the composition of the concrete. As explained by Ma et al. [27] , sodium ions (Na+1) increased the early-age strength of the concrete.
Lee et al. [28] analyzed the effects of magnesium sulfate and sodium sulfate on the mechanical properties of mortar. In their study, an examination of three samples with w/c ratios of 0.35, 0.45, and 0.55 in 5% magnesium sulfate and 5% sodium sulfate solutions for 510 d revealed that the w/c = 0.35, 0.45. and 0.55 samples in 5% magnesium sulfate solution incurred compressive strength losses of 36%, 44%, and 59%, respectively. A compressive strength test conducted on 28 th day of the study indicated that the samples held in the 5% magnesium sulfate solution gained 5.6% strength. In a similar study, which involved compressive strength testing on the 90 th day, Lee et al. [29] found that samples with w/c = 0.45 held in 0.42%, 1.27%, and 4.2% magnesium sulfate solutions without metakaolin incurred compressive strength losses of 9%, 12%, and 21%, respectively. In this study, the 28 d compressive strengths of the w/c = 0.63 mortars mixed with sodium sulfide solution decreased in N1 (0.005% concentration) when compared with that of the reference. In contrast, increases in compressive strengths were observed in the N3 (0.03%) and N4 (0.04%) samples when compared with that of the reference. However, the 28 d compressive strength of N2 (0.01% concentration) was the same as that of the reference.
As shown in Fig. 9 , the values for N1 (0.005% concentration) for the 90 d compressive strength results of the w/c=0.63 mortars mixed with sodium sulfide solution were found to be the same as the reference values. Nevertheless, decreases in strength were observed for N2 (0.01%) and N3 (0.03%) when compared with those of the reference. The differentiating factors included the w/c ratio and high sodium sulfide levels.
Lee et al. [28] found that mortar samples with w/c ratios of 0.35, 0.45 and 0.55 kept in a 5% sodium sulfate solution incurred compressive strength losses of 38%, 64%, and 92%, respectively. A compressive strength test conducted on the 28 th day indicated that samples kept in 5% sodium sulfate solution gained a compressive strength of 5.8%.
As shown in Fig. 10 , the 28 d and 90 d compressive strength values of the w/c = 0.72 mortars mixed with sodium sulfide solution for all concentrations decreased when compared with those of the reference. These decreases could be attributed to the fact that sodium ions (Na+1) reduced the strength at later ages [27] . Additionally, the decreases in compressive strength were generally attributed to the sulfate ions, which distorted the composition of the concrete causing dissolutions that in turn lowered the durability. Numerous previous studies suggested that the mechanical properties of concrete subjected to direct or indirect (i.e., through the mixing water) sulfate impact were adversely affected and resulted in the decreased durability of the concrete. These results obtained from this study led to the conclusion that the concrete that loses durability also loses compressive strength, given that the results obtained in this experimental study were similar to those obtained in previous studies by Lee et al. [28, 29] .
It is widely known that concrete could be subjected to sulfate impact due to environmental factors such as rainwater, groundwater, and harmful salts found in the mixing water. These factors significantly decreased the durability of concrete and especially of aged concrete. Neville [30] suggested that expansions and dissolutions caused by the chemical reactions occurring between concrete and sulfate ions negatively affected the durability of concrete. Hartshorn et al. [31] indicated that, magnesium sulfate is the sulfate salt, which is most harmful to concrete. Shanahan and Zayed [32] noted that the resistance of concrete to sulfate attacks could be a factor influencing the w/c ratio, the cement composition, and the concrete fineness. Santhanam et al. (2003) [9] reported that sulfate attack leads to ettringite and gypsum formation in mortars produced with Portland cement, while it only leads to the formation of gypsum in concretes with low C3S.
Ouyang et al. explored the surface solidity changes in concretes under the influence of sulfates and found a strong weakening in surface solidity due to sulfate attack [33] . They argued that changes in surface solidity could be related to the delayed ettringite formation. Similarly, Suleiman et al. [34] suggested that the pore volume of samples produced with w/c=0.60 was approximately 50% higher than that of samples with w/c=0.45 and that the former were more intensely influenced by physical sulfate attack. Additionally, they observed that a reduction in the w/c ratio had a positive effect on the strength of concrete subjected to a physical sulfate attack.
Gao et al. [35] used a 5% sodium sulfate solution to study the strength of concrete vis-a-vis the sulfate effect through cyclic wetting, drying, and flexural loading. They observed that the dynamic modulus of elasticity (Erd) of the samples under direct sulfate impact increased at early ages. In contrast, their findings indicated that the Erd decreased slightly with further concrete ageing, with an Erd value of 1035 GPa on the 80 th day and 1024 GPa on the 174 th day. They showed that values similar to immersion into a sodium sulfate solution were exhibited under the influence of +40% flexural loading. The study concluded that, 40% flexural loading and cyclic wetting and drying led to considerable damage in concrete under the influence of sulfate.
Zhang et al. [36] studied the expansion of concrete subjected to a sulfate attack. In their study, samples with w/c ratios of 0.50 and 0.33 were subjected to a sulfate attack via immersion and drying in a sodium sulfate solution for 54 d. The study findings indicated that the w/c = 0.50 samples held in a 5% sodium sulfate solution at the end of 54 d had an axial expansion of 2.75% relative to the samples kept in a 3% sodium sulfate solution that had an axial expansion of 0.75%. The study also noted that the expansion and the damage that emerged as a result of the expansion increased with an increase in sulfate ions in the solution. Conversely, the w/c = 0.33 samples that were kept in a 5% sodium sulfate solution at the end of 54 d were measured and revealed an expansion of 0.27% relative to those kept in a 3% sodium sulfate solution that had an expansion of 0.33%. The study concluded that the w/c ratio played a significant role in the magnitude of ensuing damage, with an increase in damage given an increase in w/c ratio. For the w/c = 0.72 mortars mixed with magnesium sulfate solution (Fig. 12) , the 7 d shrinkage values increased from concentrations of M1 (1.5%) and above when compared with those of the reference. There were increases in shrinkage at 28 d and 90 d for all concentrations when compared with those of the reference. The greatest increase in shrinkage (82%) was observed at 90 d for M4 (8%) concentration. The shrinkage values of the w/c = 0.72 specimens exceeded those of the w/c = 0,63 specimens. This could be because high w/c ratios decrease gel formation, increase capillary breakage, and increase the vaporization of water in the C-S-H gels. Hence, it is important to understand that shrinkage is a physical reaction and not a chemical reaction. Consequently, the physical structures of these gels are important and not their chemical structures. (Fig. 14) indicated that the values decreased when compared with that of the reference for all sodium sulfide concentrations. The greatest decrease (33%) was observed for the N4 (0.04% concentration) at 7 d.
SHRINKAGE TESTS
In conclusion, the study findings revealed that the shrinkage values of the mortars mixed with magnesium sulfate solution generally increased when compared with the reference mixes. This was in contrast to the decrease observed in the shrinkage of mortars mixed with sodium sulfide solution. 
SUMMARY
The following conclusions were drawn based on the results of the experimental investigation in this study:
 The initial setting times and final setting times were accelerated and delayed, respectively by magnesium sulfate and sodium sulfide. Higher impact was observed in the case of magnesium sulfate.
 The differences between the fresh unit weight values of mortars mixed with magnesium sulfate and sodium sulfide solution were not significant and were approximately 2%-3% on average.
 For all concentrations, the flow values of mortars mixed with magnesium sulfate and sodium sulfide solution were decreased. Sodium sulfide exhibited a lower effect on flow value and this was attributed to the low concentrations of sodium sulfide.
 The findings suggested that the 7d compressive strength values of mortars mixed with magnesium sulfate solution decreased from a magnesium sulfate concentration of 3% and higher, in agreement with the standard limit value. At 28d and 90d, a decrease in compressive strength was observed for magnesium sulfate concentrations of 6% and above.
 The compressive strength values increased for all concentrations at 7d for mortars mixed with sodium sulfide.
 The shrinkage values were observed to increase significantly because of magnesium sulfate, while sodium sulfide decreased shrinkage values.
 The results of the experiments confirmed the accuracy of the 3% magnesium sulfate limit as per the specifications mentioned above. The strength values of sodium sulfide continued to increase after the limit value of 0.01% concentration. The results also suggested that magnesium sulfate should not be used beyond the limit value in water for concrete mixtures, since both strength and durability were negatively affected if this limit value was exceeded.
 As observed from the experiment results, the decline in the durability of cement subjected to sulfate attack led to a reduction in the compressive strength. Additionally, the findings of the study established that this impact was more significant in samples with a w/c ratio of 0.72 in contrast to samples with 0.63 w/c ratios. However, further analyses are required on the impact of detrimental substances in mixing water on the durability of the concrete.
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